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© Process for producing porous glass. 



© A process for producing porous glass, which 
comprises preparing a reaction solution containing a 
metal aftaxkte or its oligomer and an organic poly- 
mer, hydroiyziflg and polymerizing the metal alkox- 
Ide or its oligomer in said solution to obtain a gel, 
and calcining the gel to obtain porous glass, wherein 
said organic polymer has compatibility with the solu- 
tion of the metal alkoxtde or its oligomer, undergoes 
phase separation during the hydrolysis-polymeriza- 
tion step and Is substantially free from formation of 
precipitates. 
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PROCESS FOR PRODUCING PQROUS GLASS 



The present invention relates to a process for 
producing porous glass. More particularly, the 
present Invention relates to a process for produc- 
ing, by a sol-gel method, porous glass which Is 
useful for a wide range of materials where fine 
pores of a submlcron to micron order are required, 
such as a carrier for a catalyst, a carrier for en- 
zymes and a material for a separating diaphragm. 

Among conventional porous ceramics, those 
having very fine pore sizes of not larger than a 
submlcron, are usually prepared by a method 
wherein borosillcate glass is heat-treated for phase 
separation to form an interlocking separate phase 
structure, and then one of the phases is eJuted with 
an acid. 

Whereas, those having pore sizes of at least a 
micron, are prepared by a method wherein a pow- 
der of ceramic material is calcinated and thermally 
decomposed to form pores En the powder particles 
or among the powder particles, followed by sinter- 
ing under a suitable condition. 

However, by these methods, it is difficult to 
produce porous ceramics having a uniform pore 
size within a range of from a submlcron to a few 
tens microns. Further, these methods have a 
drawback that it is thereby difficult to produce a 
film-form or fiber-form product which may be re- 
quired depending upon the application. Under 
these circumstances, it has recently been proposed 
to employ a sol-gel method for the preparation of 
porous ceramics, which employs a metal alkoxide 
as the starting material and whrch is capable of 
producing a ceramic product in a bulk, film or fiber 
form* 

However, the pore diameter of a porous gel 
prepared by the above method which comprises 
hydrolyzing and polymerizing a silicon alkoxide In 
an organic solvent such as an alcohol for gelling 
the reaction solution system, followed by calcining 
the resulting porous gel, Is extremely small at a 
level of not higher than a few tens nm. It has been 
attempted to conduct the hydrolysis with an addi- 
tion of a large amount of hydrochloric add to form 
pores of a micron order, but there is a problem that 
the pore size distribution tends to be broad. 

Further. Japanese Unexamined Patent Publica- 
tion No. 123032/1987 discloses a method for pro- 
ducing porous glass which comprises adding and 
mixing a polyvinyl acetate emulsion to a sol of 
silicon ethoxide for gelation,- followed by calcining. 
However, this method has a difficulty that the pore 
size distribution of the porous glass thereby ob- 
tained is broad. 

It Is an object of the present invention to solve 
the above problems of the conventional techniques 



and to provide a process for producing porous 
ceramics with a pore diameter of a micron order 
and having a narrow pore size distribution. 

The present invention provides a process for 

s producing porous glass, which comprises preparing 
a reaction solution containing a metal alkoxide or 
its oligomer and an organic polymer, hydrolyzing 
and polymerizing the metal aikoxkie or its oligomer 
In said solution to obtain a gel, and calcining the 

to gel to obtain porous glass, wherein said organic 
polymer has compatibility with the solution of the 
metal alkoxide or its oligomer, undergoes phase 
separation during the hyttolyels-polymerization 
step and Is substantially free from formation of 

is precipitates. 

In the accompanying drawings, Rgures 1 and 2 
are graphs showing the pore size distributions. 

Now, the present invention will be described in 
detail with reference to the preferred embodiments. 

to The present invention utilizes such a phenom- 
enon that the uniformly dissolved organic polymer 
undergoes phase separation during the hydrolysis 
and polymerization of the metal alkoxide or its 
oligomer. Such an organic polymer has compatible 

23 ity so that it Is uniformly soluble in the solution 
formed by the hydrolysis of the metal alkoxide or 
its oligomer, undergoes phase separation during 
the polymerization and yet is substantially free 
from forming precipitates. 

so The organic polymer having such properties 
may be a water-soluble organic polymer capable of 
being formed into an aqueous solution having a 
suitable concentration, which is uniformly soluble in 
the akxhol-containrng solution formed by the hy- 

33 drolysis of the metal alkoxide or its oligomer. Spe- 
cifically, the organic polymer may be a sodium salt 
of polystyrene sulfonic add as a metal salt of a 
polymer, poiyacryllc acid as a polymer acid ca- 
pable of forming a polyanion when dissociated, 

40 polyaiiylamine and polyethylene-imine which are 
polymer bases capable of forming a polycatlon in 
an aqueous solution, or polyethylene oxide which is 
a neutral polymer having an ether bond on the 
main chain, or polyvinyl pyrrcfidone having a y 

45 lactam on its side chain. 

As the metal alkoxide or Its oligomer, the one 
having a relatively small number of carbon atoms 
such as a methoxy group, an ethoxy group or a 
propoxy group, Is preferred. As the metal thereof, a 

so metal of the oxide to be finally formed, such as 81. 
TI, Zr or Al f may be employed. Such metal may be 
one kind or a mixture of two or more different 
kinds. On the other hand, the oligomer may be the 
one capable of being uniformly dissolved in an 
alcohol. More specifically, the oligomer may be up 
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to decamer. The organic polymer Is used prefer- 
ably In an amount of from 0.03 to 0.40 parts by 
weight per 1 part by weight of the metal alkoxide or 
its oligomer. 

If the amount of the organic polymer exceeds 
the above range, there will be the following 
drawback. Namely, at the time of gelation, the 
siPca (SiOa) polymer phase tends to hardly form a 
continuous structure and Is likely to precipitate In 
the form of particles. On the other hand, if the 
amount of the organic polymer Is less than the 
above range, the organic polymer phase and the 
silica polymer phase tend to be hardly gelled in an 
interlocking fashion, whereby It will be difficult to 
obtain a porous body having continuous pores of 
uniform diameter. There is no particular restriction 
with respect to the manner of mixing the organic 
polymer with the metal alkoxide or Its oligomer. 
However, such mixing may be conducted by dis- 
solving the organic polymer in an aqueous addle 
solution and stirring the solution with a metal alkox- 
ide or its oligomer. Otherwise, an aqueous acidic 
solution and a metal alkoxide or its oligomer are 
first mixed, and then the organic polymer may be 
added thereto, or the organic polymer may be 
added after the partial promotion of the hydrolysis 
and polymerization of the metal alkoxide or its 
oligomer. The aqueous acidic solution to be used 
here, is preferably an aqueous solution of a mineral 
acid such as hydrochloric add or nitric add having 
a concentration of at least 0.001 N. In a case where 
tetraethoxysiiane is used, porous glass having high 
strength may be obtained even when an aqueous 
solution containing no add is used for hydrolysis. 
The hydrolysis can be conducted by putting such a 
solution into a closed container and maintaining It 
at a temperature of from 40 to C tor from 0.5 to 
5 hours. The hydrolysis proceeds In such a manner 
that the Initially transparent solution becomes tur- 
bid, separates Into silica-rich and organic polymer- 
rich phases and Is finally gelled. During this hy- 
drolysis, the organic polymer or its polymer Is In a 
dispersed state and Is substantially free from for- 
ming predpitates. The gelled product is left to 
stand at a temperature of from 40 to 60* C for an 
appropriate period, usually from a few hours to a 
few tens hours for aging, then washed with water to 
remove the organic polymer, followed by caidnlng 
at a temperature of from 800 to 1,000'C to obtain 
porous glass. 

The porous stereostructure of the desired prod- 
uct of the present Invention varies depending upon 
the temperature and pH of the reaction system, the 
molecular weight and the content of the organic 
polymer and other various conditions influential 
over the reactivity of the metal alkoxide or Its 
oligomer and over the solubility of organic polymer. 
Accordingly, it is difficult to generally define the 



manner of contrd of the porous stereostructure. 
However, so long as the above-mentioned con- 
ditions are the same, the desired product having 
substantially the same structure such as the same 

s pore size can be obtained with high reprodudbilrty. 
The porous gel formed as an Intermediate product 
may be used as It is. However, ft swells In water 
and is poor In the mechanical strength, and there- 
fore its use Is rather limited. 

10 The above-mentioned porous gel can be con- 
verted to a SiOa type porous ceramics having 
Improved mechanical strength when calcined. How- 
ever, if the porous gel is caJdned without removing 
the organic polymer, there will likely be a problem 

is depending upon the kind of the organic polymer 
that the substance formed by the decomposition of 
the organic polymer prevents the vitrification of 
SiOz. 

The removal of the organic polymer from the 
20 porous gel formed as an Intermediate product can 
be conducted to some extent by washing the gel 
with water prior to the drying operation. However, it 
Is advantageous that after the drying step, the gel 
is heated tor a sufficiently long period of time until 
23 the organic polymer is decomposed or burnt to 
completely remove the organic polymer. 

Now, the present invention will be described In 
further detail with reference to Examples. However, 
it should be understood that the present Invention 
30 Is by no means restricted by such specific Exam- 

EXAMPUE 1: Polystyrene sulfonate is used as the 
os organic polymer 

EXAMPLE 1-1 

40 Firstly, sodium polystyrene sulfonate (product 
No. 24305-1, manufactured by Aldrich) as a metal 
salt of a polymer, was dissolved In 5.51 g of a 1N 
nitric add aqueous solution to obtain a 20 wt% 
solution. To this solution. 5 ml of methanol was 

4S added to obtain a uniform solution. Then, 5 ml of 
tetramethoxysiiane was dropwise added thereto 
over a period of about 1 minute, and the hydrolysis 
was conducted. After stirring for a few minutes, the 
resulting transparent solution was transferred to a 

bo closed container and maintained In a constant tem- 
perature tank at 40*C f whereby ft was solidified in 
about 20 hours. The solidified sample was further 
aged for a few days, then dried at 60* C and 
heated to 500* C at a temperature-raising rate of 

65 TOO'C/hr. The decomposition product of sodium 
polystyrene sulfonate was washed away with dis- 
tilled water. Finally, the sample was subjected to 
heat treatment at 800* C for 2 hours. In the porous 
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silica glass thus obtained, uniform pores with a 
pore size of about 5 urn were present in an Inter- 
locking structure. The fine structure and the pore 
diameter of the sample dried at 60* C, were sub- 
stantially the same as the porous silica glass after 
the heat treatment 



EXAMPLE 1-2 

The hydrolysis of tetramethoxysilane was con- 
ducted in the aqueous nitric acid solution of so- 
dium polystyrene sulfonate in the same manner as 
in Example 1 except that 5 mi of methanol was 
not added. The subsequent solidifying condition 
was changed to 26* C in 10 hours in the dosed 
container, and the solidified sample was subjected 
to aging, drying, heating, washing and heat treat- 
ment under the same conditions as in Example 1-1 , 
whereby the pore size of the porous glass was 
controlled to a level of about 1 urn. 



EXAMPLE 1-3 

Sodium polystyrene sulfonate was dissolved in 
&51 g of a 1N nitric add aqueous solution to 
obtain a 33 wt% solution. To this solution, 5 ml of 
methanol was added, and then 5ml tetramethox- 
ysilane was dropwise added over a period of about 
1 minute, and the hydrolysis was conducted After 
stirring for a few minutes, the resulting transparent 
solution was transferred to a closed container and 
maintained in a constant temperature tank at 40 " C, 
whereby it was solidified in about 20 hours. The 
soBeGfied sample was subjected to aging, drying, 
heating, washing and heat treatment under the 
same conditions as in Example 1-1 to obtain po- 
rous silica glass having a structure of coagulated 
spherical particles of about 3 urn. 



EXAMPLE 1-4 

Sodium polystyrene sulfonate having a definite 
molecular weight range (PS1; molecular weight 
10,000 -30,000, manufactured by TOSOH COR- 
PORATION) was dissolved In 5,51 g of a 1N nitric 
acid aqueous solution to obtain a 24.1 wt% solu- 
tion. To this solution, 5 ml of tetramethoxysilane 
was dropwtse added under stirring and the hydroly- 
sis was conducted. After stirring for a few minutes, 
ths resulting transparent solution was transferred to 
a closed container and maintained in a constant 
temperature tank at 40* C, whereby it was solidified 
in about 2 hours. The solidified sample was im- 
mersed in a IN nitric acid aqueous solution to 
wash out sodium polystyrene sulfonate from the 



solidified sample, prior to drying. Then, the sample 
was dried at 60 C to obtain a porous sample 
having a structure in which pores with a pore 
diameter of 100 dm are Interlocked to one another. 
5 This sample was further heated to a temperature of 
900* C at a temperature raising rate of 100 " C/hr to 
obtain porous silica glass having substantially the 
same structure. 

10 

EXAMPLE 1-5 

Sodium polystyrene sulfonate having a definite 
. molecular weight range (PS1; molecular weight 

ts 10,000 -30,000, manufactured by TOSOH COR- 
PORATION) was dissolved in 5.51 g of a 1N nitric 
acid aqueous solution to obtain a 25.0 wt% solu- 
tion. To this solution, 5 ml of tetramethoxysilane 
was dropwise added under stirring, and the hy- 

20 drolysis was conducted. After stirring for a few 
minutes, the resulting transparent solution was 
transferred to a dosed container and maintained in 
a constant temperature tank at 60* C, whereby it 
was soOdified in about 1 hour. The solidified sam- 

25 pie was immersed in a IN nitric acid aqueous 
solution to wash out sodium polystyrene sulfonate 
from the solidified sample, prior to drying. Then, 
the sample was dried at 60*C to obtain a porous 
sample having a structure in which pores with a 

so pore size of 0.3 tim were interlocked to each other. 
Further, by increasing the concentration of sodium 
polystyrene sulfonate to 27.5 wt%, it was possible 
to control the pore size continuously up to about 20 
urn. The dried sample was subjected to predeter- 

38 mined heat treatment to obtain porous silica glass 
having substantially the same structure. 



EXAMPLE 1-6 

Sodium polystyrene sulfonate having a definite 
molecular weight range (PS5; molecular weight 
50.000 -100,000. manufactured by TOSOH COR- 
PORATION) was dissolved in 5.51 g of a 1N nitric 

46 acid aqueous solution to obtain a 19.1 wt% solu- 
tion. To this solution, 5 ml of tetramethoxysilane 
was dropwise added under stirring, and the hy- 
drolysis was conducted. After stirring for a few 
minutes, the resulting transparent solution was 

so transferred to a closed container and maintained in 
a constant temperature tank at 40' C, whereby it 
was solidified in about 2 hours. The solidified sam- 
ple was Immersed In a IN nitric add aqueous 
solution to wash out sodium polystyrene sulfonate 

66 from the solidified sample, prior to drying. Then, 
the sample was dried at 60"C to obtain a porous 
sample having a structure wherein pores with a 
pore cfiameter of about 50 urn are interlocked to 
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one another. Further, by reducing the concentration 
of sodium polystyrene sulfonate to 16.6 wt%, it was 
possible to control the pore size continuously down 
to about 0.3 urn. Likewise, by increasing the 
amount of the 1N nitric add aqueous solution to 
6.17 g while fbdng the amount of sodium polysty- 
rene sulfonate, it was possible to control the pore 
size continuously to about 0,1 Jim. The dried sam- 
ple was subjected to prescribed heat treatment to 
obtain porous silica glass having substantially the 
same structure. Further, In Figure 1, with respect to 
porous glass prepared from a solution comprising 
1.20 g of sodium polystyrene sulfonate, 5.51 g of a 
1N nitric acid aqueous solution and 5 ml of 
teiramethoxysitane, the distribution of pore sizes as 
measured by a mercury injection method, is shown 
by symbol 



EXAMPLE 1-7 

Sodium polystyrene sulfonate having a definite 
molecular weight range (PS5; molecular weight 
50,000 -100,000, manufactured by TOSOH COR- 
PORATION) was dissolved In 5.51 g of a 1N nitric 
acid aqueous solution to obtain a 19.1 wt% solu- 
tion. To this solution, 5 mi of tetramethoxysilane 
was dropwlse added under stirring, and the hy- 
drolysis was conducted. After stirring for a few 
minutes, the resulting transparent solution was 
transferred to a dosed container and maintained in 
a constant temperature tank at 60* C. whereby It 
was solidified In about 1 hour. The solidified son- 
pie was Immersed in a 1N nitric acid aqueous 
solution to wash out sodium polystyrene sulfonate 
from the solidified sample, prior to drying. Then, 
the sample was dried at 80 'C to obtain a porous 
sample having a structure wherein pores with a 
pore size of about 0.5 urn were Interlocked to one 
another. Further, by Increasing the concentration of 
sodium polystyrene sulfonate to 21.4 wt%, it was 
possible to control the pore size continuously up to 
about 20 tun. Likewise, by reducing the amount of 
the 1N nitric acid aqueous solution to 5.07 g while 
fixing the amount of sodium polystyrene sulfonate, 
it was possible to control the pore size continu- 
ously to about 20 urn. The dried sample was 
subjected to prescribed heat treatment to obtain 
porous silica glass having substantially the same 
structure. 



EXAMPLE 1-6 

Sodium polystyrene sulfonate having a definite 
molecular weight range (P650; molecular weight 
400,000 -600,000, manufactured by TOSOH COR- 
PORATION) was dissolved In 5J1 g of a IN nitric 



acid aqueous solution to obtain a 14.0 wt% solu- 
tion. To this solution, 5 ml of tetramethoxysilane 
was dropwise added under stirring, and the hy- 
drolysis was conducted. After stirring for a few 

a minutes, the resulting transparent solution was 
transferred to a closed container and maintained in 
a constant temperature tank at 40* C, whereby it 
was solidified in about 2 hours. The solidified sam- 
ple was Immersed in a 1N nitric acid aqueous 

io solution to wash out sodium polystyrene sulfonate 
from the eolkflffed sample, prior to (frying. Then, 
the sample was dried at 60* C to obtain a porous 
sample having a structure wherein pores with a 
pore size of about 0.3 jxm were interlocked to one 

rs another. Further, when the concentration of sodium 
polystyrene sulfonate was changed to 13.2 wt%, 
and 1 ml of methanol was present during the 
reaction, the pore size became about 0.5 um. The 
dried sample was subjected to a prescribed heat 

20 treatment to obtain porous siRca glass having sub- 
stantially the same structure, 



EXAMPLE 1-0 

26 

Sodium polystyrene sulfonate having a definite 
molecular weight range (PS5; molecular weight 
50,000 -100,000. manufactured by TOSOH COR- 
PORATION) was dissolved In 9.36 g of a 1N nitric 

50 add aqueous solution to obtain a 11.4 wt% solu- 
tion. To this solution, 7 ml of tetraethoxysilane was 
dropwlse added under stirring, and the hydrolysis 
was conducted. After stirring for a few minutes, the 
resulting transparent solution was transferred to a 

35 closed container and maintained in a constant tem- 
perature tank at 60* C, whereby it was solidified in 
about 2 hours. The solidified sample was immersed 
in a 1N nitric acid aqueous solution to wash out 
sodium polystyrene sulfonate from the solidified 

40 sample, prior to drying. Then, the sample was 
dried at 60" C to obtain a porous sample having a 
structure wherein pores with a pore size of about 2 
jim were Interlocked to one another. Further, by 
changing the concentration of sodium polystyrene 

45 sulfonate from 10.5 wt% to 11,8 wt%, it was possi- 
ble to control the pore size continuously from about 
0.3 urn to about 15 urn. Likewise, by changing the 
amount of the 1N nitric acid aqueous solution from 
9.69 g to 9.09 g while fbdng the amount of sodium 

so polystyrene sulfonate, it was possible to control the 
pore size continuously from about 0.5 urn to about 
50 urn. Further, by changing the reaction tempera- 
ture from 40' C to 80* C, It was possible to control 
the pore size from less than 1 am to a few tens 

ss urn. The dried sample was subjected to prescribed 
heat treatment to obtain porous silica glass having 
substantially the same structure. 
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EXAMPLE 2: Poly aery lie acid Is used as the or- 
ganic polymer 



EXAMPLE 2-1 

A 25 wt% aqueous solution of polyacrylic add 
(product No. 19205-8, manufactured by Aldrich. 
molecular weight 90,000) as a polymer acid, was 
diluted with distilled water to obtain a 7.4 wt% 
aqueous solution. To this solution, concentrated 
nitric acid was added to obtain a 1N nitric acid 
solution. To 5.91 g of mis solution, 7 mi of 
tetraethoxysiiane was added under stirring, and the 
hydrolysis was conducted. After a few minutes, the 
resulting transparent solution was transferred to a 
closed container and maintained in a constant tern- 
perature tank at 60* C, whereby it was solidified in 
about 2 hours. The solidified sample was further 
aged for a few hours and washed with distilled 
water and ethanol a few times and then dried at 
60 # C. In the dried sample, uniform pores having a 
pore size of about 3 tun were present in an inter- 
locking fashion. In Figure 2, the pore size attribu- 
tion as measured by a mercury injection method is 
shown by symbol •. By adding up to 5 ml of 
ethanol to the above reaction solution for solidifica- 
tion,' it was possible to reduce the pore size of the 
resulting porous body continuously down to the 
minimum of about 0.5 um. Further, by changing 
the amount of the 1N nitric acid aqueous solution 
from the minimum of 3.3 g to the maximum of 16.5 
g, it was possible to control the pore size of the 
resulting porous body within a range of from the 
maximum of about 20 um to the minimum of about 
0.5 um. Further, it was likewise possible to control 
the pore diameter by changing the concentration of 
the polyacrylic add or the reaction temperature. 
The dried sample was heated to 900* G at a tem- 
perature raising rate of 100* C/hr and maintained at 
this temperature for 2 hours to obtain porous silica 
glass having substantially the same structure. 



EXAMPLE 2-2 

A 25 wt% aqueous solution of polyacrylic acid 
(product No. 19205-8, manufactured by Aldrich, 
molecular weight 90,000) as a polymer acid, was 
diluted with distilled water to obtain a 7.4 wt% 
aqueous solution. Then, concentrated nitric acid 
was added thereto to obtain a 1N nitric acid solu- 
tion. To this solution comprising 0.4 g of 
polyacrylic add and 5.51 g of 1N nitric acid, 5 ml 
of tstramethoxysilane was added under stirring, 
and the hydrolysis was conducted. After a few 
minutes, the resulting transparent solution was 
transferred to a closed container and maintained in 



a constant temperature tank at 60 *C, whereby it 
was solidified in about 2 hours. The solidified sam- 
ple was further aged for a few hours, then washed 
with distilled water and ethanol a few times and 

5 dried at 60* C. In the dried sample, an interlocking 
structure was present which comprises a skeleton 
having a size of about 300 um and fine pores 
within the skeleton. When methanol was added in 
an amount of up to 5 ml to the above reaction 

ia solution for solidification, the pore size of the re- 
suiting porous body tended to be small, and It was 
possible to control the pore size continuously down 
to the minimum of about 10 um. Further, by in- 
creasing the amount of the 1N nitric acid aqueous 

is solution up to 11 g without adding methanol, It was 
possible to control the pore size continuously to 
the minimum of about 30 um. The dried sample 
was subjected to prescribed heat treatment to ob- 
tain porous silica glass having substantially the 

20 same structure* 



EXAMPLE 2-3 

28 Firstly, polyacrylic acid (product No. 18128-5, 
manufactured by Aldrich; molecular weight 
250,000) as a polymer acid, was dissolved in 5,51 
g of a 1N nitric acid aqueous solution to obtain 
3.50 wt% solution. To this solution, 7 ml of 

so tetraethoxysiiane was added under stirring, and the 
hydrolysis was conducted. After a few minutes, the 
resulting transparent solution was transferred to a 
closed container and maintained in a constant tem- 
perature tank at 80* C, whereby ft was solidified in 

35 about 1 hour. The soficSffed sample was further 
aged for a few hours, then washed with distilled 
water and ethanol a few times and dried at 60" C, 
In the dried sample, an interlocking structure was 
present which comprises a skeleton having a size 

40 of about 30 um and fine pores in the skeleton. 
When ethanol was added up to 5 ml to the above 
reaction solution, ft was possible to reduce the pore 
size of the resulting porous body and to control the 
pore size continuously to the minimum of about 10 

48 um. Further, by increasing the amount of the 1N 
nitric acid aqueous solution up to 11 g without 
adding ethanol, it was possible to control the pore 
size continuously to the minimum of about 10 um. 
Furthermore, It was likewise possible to control the 

so pore size by changing the concentration of the 
polyacrylic add or the reaction temperature. The 
dried sample was subjected to prescribed heat 
treatment to obtain porous silica glass having sub- 
stantially the same structure. 

55 

EXAMPLE 2-4 
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Rrstiy, pdyacrylic add (product No. 18128-5, 
manufactured by Aldrich; molecular weight 
250.000) as a polymer add. was dissolved in 5.0 g 
of distilled water to obtain a 7.4 wt% solution. To 
this solution, 5 ml of tetramethoxysilane was ad- 
ded under stirring without addition of an acid as a 
hydrolyzing catalyst and the hydrolysis was con- 
ducted. After a few minutes, the resulting transpar- 
ent solution was transferred to a closed container 
and maintained in a constant temperature tank at 
60 "C, whereby it was solidified In about 1 hour. 
The solidified sample was further aged for a few 
hours, then washed wrth distilled water and ethanol 
a few times and dried at 80* C. In the dried sam- 
ple, pores having a uniform size of about 0.5 urn 
were present in an Interlocking structure. When 
methanol was added up to 2 ml to the above 
reaction solution for solidification, It was possible to 
reduce the pore size of the resulting porous body 
and to control the pore size continuously to the 
minimum of about 02 urn. Further, by changing 
the amount of distilled water from the minimum of 
4.0 g to the maximum of 6.0 g without adding 
methanol, it was possible to continuously control 
the pore size from the maximum of 5 urn to the 
minimum of 0.1 um. Further, ft was likewise possi- 
ble to control the pore size by changing the con- 
centration of pofyacryiic acid and the reaction tem- 
perature. The dried sample was subjected to pre- 
scribed heat treatment to obtain porous silica glass 
having substantially the same structure. 



EXAMPLE 2-5 

Firstly, polyacryfic acid (product No. 18128-6. 
manufactured by Aldrich; molecular weight 
250,000) as a polymer acid, was dissolved in 5.51 
g of a 1N nitric acid aqueous solution to obtain 
3.50 wt% solution. To this solution, 5.15 g of 
tetramethoxysilane and 0^15 g of titanium 
tetrabutcxide (butyl orthotitanate) previously mixed 
and dissolved, were added under stirring, and the 
hydrolysis was conducted. After a few minutes, the 
resulting transparent solution was transferred to a 
closed container and maintained in a constant tem- 
perature tank at 40* C, whereby it was solidified in 
about 1 hour. The solidified sample was further 
aged for a few hours, then washed with 1N nitric 
acid and ethanol a few times and dried at 60* C. in 
the dried sample, uniform pores having a pore size 
of about 1 um were present in an interlocking 
structure. The dried sample was further heated at a 
temperature raising rate of100*C/hr and main- 
tained at 800* C for 1 hour to obtain porous silica- 
tftania glass having substantially the same struc- 
ture, wherein no precipitation of fine crystals was 
observed by the X-ray diffraction. 



EXAMPLE 3: Polyethyteneoxide (polyethylene gly- 
col) Is used as the organic polymer 



RratJy, polyethyteneoxide (product No. 18198- 
8, manufactured by Aldrich; molecular weight 
100,000) as a neutral polymer, was dissolved in 

to 6.61 g of a 1N nitric acid aqueous solution to 
obtain a 13.1 wt% solution. To this solution. 7 ml 
of tetraethoxysilane was added under stirring, and 
the hydrolysis was conducted. After a few minutes, 
the resulting transparent solution was transferred to 

1$ a closed container and maintained In a constant 
temperature tank at 40* C, whereby it was solidified 
in about 8 hours. The solidified sample was further 
aged for a few hours, then washed with distilled 
water and ethanol a few times and dried at 60 C. 

20 In the dried sample, uniform pores with a pore size 
of about 3 um were present in an interlocking 
structure. When the concentration of the polyethyl- 
ene glycol in the above reaction solution was 
changed from the minimum of 12.6 wt% to the 
maximum of 14w3 wt%, ft was possible to control 
the pore size continuously from the maximum of 6 
um to the minimum of OS urn. Further, it was 
likewise possible to control the pore size by chang- 
ing the concentration of the IN nitric add aqueous 

so solution and the ethanol or the reaction tempera- 
ture. The dried sample was heated to 900 " C at a 
temperature raising rate of 100'C/hr and held at 
this temperature for 2 hours to obtain porous silica 
glass having substantially the same structure. 

EXAMPLE 3-2 

Rrstly, polyethyteneoxide (product No. 18189- 

40 4. manufactured by Aldrich; molecular weight 
200,000) as a neutral polymer, was dissolved in 
6.61 g of a 1N nitric acid aqueous solution to 
obtain a 13.1 wt% solution. To this solution, 7 ml 
of tetraethoxysilane was added under stirring, and 

45 the hydrolysis was conducted. After a few minutes, 
the resulting transparent solution was transferred to 
a closed container and maintained in a constant 
temperature tank at 40 " C, whereby It was solidified 
in about 8 hours. The solidified sample was further 

so aged for a few hours, then washed with distilled 
water and ethanol a few times and dried at 60* C. 
In the dried sample, uniform pores with a pore size 
of about 1 am were present in an interlocking 
structure. It was likewise possible to control the 

55 pore size by changing the reaction temperature or 
the concentrations of the polyethylene oxide, the 
1N nitric acid aqueous solution and the ethanol In 
the reaction solution. The dried sample was sub- 
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jected to prescribed heat treatment to obtain po- 
rous silica glass having substantially the same 
structure. 

EXAMPLE 3-3 

Firstly, polyethylene glycol (product No. 
16812221, manufactured by Wako Junyaku Kogyo 
K.K.; molecular weight: 40,000 - 60,000) as a neu- 
tral polymer, was dissolved in 6.61 g of a 1 N nitric 
add aqueous solution to obtain a 12.6 wt% solu- 
tion. To this solution. 7 ml of tetraethoxysilane was 
added under stirring, and the hydrolysis was con- 
ducted. After a few minutes, the resulting transpar- 
ent solution was transferred to a closed container 
and maintained in a constant temperature tank at 
40 *C, whereby it was solidified in about 8 hours. 
The solidified sample was further aged for a few 
hours, then washed with distilled water and ethanol 
a few times and dried at 60* C. In the dried sam- 
ple, uniform pores with a pore size of about 2 urn 
were present in an Interlocking structure. It was 
likewise possible to control the pore size by chang- 
ing the reaction temperature or the concentrations 
of the polyethylene glycol, the 1N nitric acid aque- 
ous solution and the ethanol in the reaction solu- 
tion. The dried sample was subjected to prescribed 
heat treatment to obtain porous silica glass having 
substantially the same structure. 



EXAMPLE 3-4 

Rrstiy, polyethylene glycol (molecular weight 
20.000, manufactured by Hayasrd Junyaku Kogyo 
K.K.) as a neutral polymer, was dissolved In 6.61 g 
of a 1N nitric acid aqueous solution to obtain a 12.0 
wt% aqueous solution. To this solution, 7 ml of 
tetraethoxysilane was added under stirring, and the 
hydrolysis was conducted. After a few minutes, the 
resulting transparent solution was transferred to a 
dosed container and maintained in a constant tem- 
perature tank at 40 9 C. whereby it was sofidified in 
about 8 hours. The solidified sample was further 
aged for a few tens hours, then washed with dis- 
tilled water and ethanol a few times and dried at 
60 *C. In the dried sample, uniform pores with a 
pore size of about 1 urn were present in an inter- 
locking structure, it was likewise possible to control 
the pore size by changing the reaction temperature 
or the concentrations of the polyethylene glycol, 
the 1 N nitric acid aqueous solution and the ethanol 
in the reaction solution. The dried sample was 
subjected to prescribed heat treatment to obtain 
porous silica glass having substantially the same 
structure. 



EXAMPLE 3-5 

Rrstiy, polyethylene glycol (molecular weight 
6,000, manufactured by Hayashl Junyaku Kogyo 

s K.K.)as a neutral polymer, was dissolved In 6.61 g 
of a 1N nitric add aqueous solution to obtain a 7.03 
wt% aqueous solution. To this solution, 7 ml of 
tetraethoxysilane was added under stirring, and the 
hydrolysis was conducted. After a few minutes, the 

ro resulting transparent solution was transferred to a 
closed container and maintained In a constant tem- 
perature tank at 40* C, whereby tt was sollcfified In 
about 8 hours. The sofidified sample was further 
aged for a few tens hours, then washed with die* 

16 tilled water and ethanol a few times and dried at 
60* C. In the dried sample, uniform pores with a 
pore she of about 1 urn were present In en inter- 
locking structure. It was likewise possible to control 
the pore size by changing the reaction temperature 

20 or the concentrations of the polyethylene glycol, 
the 1N nitric acid aqueous solution and the ethanol 
in the reaction solution. The dried sample was 
subjected to prescribed heat treatment to obtain 
porous silica glass having substantially the same 

25 structure. 



EXAMPLE 4: Polyvinyl pyrrolidone is used as the 
organic polymer 

so 

EXAMPLE 4-1 

Rrstiy, polyvinyl pyrrolidone (product Ma 

as 85645-2, manufactured by AJdrich; molecular 
weight 10,000) as a neutral polymer, was dissolved 
in 5.51 g of a 1N nitric acid aqueous solution to 
obtain a 21.4 wt% solution. To this solution, 5 mi 
of tetramethoxysliane was added under stirring. 

40 and the hydrolysis was conducted. After a few 
minutes, the resulting transparent solution was 
transferred to a closed container and maintained in 
a constant temperature tank at 60 "C, whereby it 
was solidified In about 1 hour. The solidified sam- 

4$ pie was further aged for a few tens hours, then 
washed with distilled water and ethanol a few times 
and dried at 60 # C. In the dried sample, uniform 
pores with a pore size of about 3 urn were present 
In an interlocking structure. It was likewise possible 

60 to obtain porous bodies having different pore sizes 
by changing the reaction temperature or the con- 
centration of the polymer In the reaction solution. 
The dried sample was heated to 900* C at a tem- 
perature raising rate of 100* C/hr and maintained at 

ss this temperature for 2 hours to obtain porous silica 
glass having substantially the same structure. 
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EXAMPLE 4-2 

Firstly, polyvinyl pyrrolidone (product No. 
85656-8, manufactured by Aldrich; molecular 
weight 40.000) as a neutral polymer, was dissolved 
in 5.0 g of distilled water to obtain a 23.1 wt% 
solution. To this solution, 5 ml of tetramethox- 
ysilane was added under stirring, and the hydroly- 
sis was conducted. After a few minutes, the result- 
ing transparent solution was transferred to a closed 
container and maintained in a constant temperature 
tank at 60* C, whereby it was solidified in about 30 
minutes. The solidified sample was further aged for 
a lew hours, then washed with distilled water and 
ethanol for a few times and dried at 60*C. In Wis 
sample, uniform pores with a pore size of about 0.2 
um were present In an interlocking structure. It was 
possible to obtain porous bodies having different 
pore sizes by changing the reaction temperature or 
the concentration of the polymer In the reaction 
solution. The dried sample was subjected to pre- 
scribed heat treatment to obtain porous sifica glass 
having substantially the same structure. 

EXAMPLE 5: PolyaJlytemine is used as the organic 
polymer 

EXAMPLE 5-1 

Firstly, a hydrochloride of polyailylambie (PAA- 
HCL-L manufactured by Nitto Boseki; molecular 
weight 8^00 -11 .000) having only a primary amine 
on its side chain, was dissolved in 10.51 g of a 
0.5N nitric acid aqueous solution to obtain a 11 & 
wt% solution. To this solution, 5 ml of 
tetramethoxysilane was added wider stirring, and 
the hydrolysis was conducted. After a few minutes, 
the resulting transparent solution was transferred to 
a closed container and maintained In a constant 
temperature tank at 40 ' C. whereby It was solidified 
in about 2 hours. The solidified sample was further 
aged for a few hours, then washed wfth distilled 
water and ethanol a few times and dried at 60* C. 
In the dried sample, uniform pores with a pore size 
of about 3 um were present in an interlocking 
structure. It was possible to obtain porous bodies 
having different pore sizes by changing the reac- 
tion temperature or the concentration of the poly- 
mer in the reaction solution. The dried sample was 
heated to 900* C at a temperature raising rate of 
100" C/hr and maintained at this temperature for 2 
hours to obtain porous silica glass having substan- 
tially the same structure. 



EXAMPLE 5-2 



Firstly, a hydrochloride of polyailylamine (PAA- 
HCL-H manufactured by Nltto Boseki; molecular 
weight 50,000 -65,000) having only a primary 
amine on its side chain, was dissolved In 10.51 g 

s of a 0.5N nitric add aqueous solution to obtain a 
3.67 wt% solution. To this solution, 5 ml of 
tetramethoxysilane was added under stirring, and 
the hydrolysis was conducted. After a few minutes, 
the resulting transparent solution was transferred to 

10 a dosed container and maintained in a constant 
temperature tank at 60 * C, whereby It was solidified 
in about 1 hour. The solidified sample was further 
aged tor a few hours, then washed with distilled 
water and ethanol a few times and dried at 60" C. 

is In the dried sample, uniform pores with a pore size 
of about 0.5 um were present in an Interlocking 
structure. It was possible to obtain porous bodies 
having different pore sizes by changing the reac- 
tion temperature or the concentration of the poly- 

20 mer In the reaction solution. The dried sample was 
subjected to prescribed heat treatment to obtain 
porous silica glass having substantially the same 
structure. 

26 

EXAMPLE 6: Pdyethylene-lmlne Is used as the 
organic polymer 



30 EXAMPLE 6-1 

Firstly, a 50 wt% aqueous solution of 
polyethylenelmine having a nitrogen atom on the 
main chain (product No. 18197-8, manufactured by 

38 Aldrich) was diluted to a 20 wt% solution. To 6.25 
g of this sdution, 2.54 g (62 wt%) of concentrated 
nitric add and 1 ml of water were added to obtain 
a uniform solution. To this solution, 3 ml of 
tetramethoxysilane was added under stirring, and 

40 the hydrolysis was conducted. After a few minutes, 
the resulting transparent solution was transferred to 
a closed container and maintained in a high tern- 
perature tank at 60* C, whereby It was solidified In 
about 2 hours. The solidified sample was further 

46 aged for a few hours, then washed with distilled 
water and ethanol a few times and dried at 60 C. 
In the dried sample, uniform pores with a pore size 
of about 0.1 m were present in an interlocking 
structure. It was possible to obtain porous bodies 

so having different pore sizes by changing the reac- 
tion temperature and the concentration of the poly- 
mer in the reaction solution. The dried sample was 
subjected to prescribed heat treatment to obtain 
porous silica glass having substantially the same 

Bs structure. 

In the above Examples, the starting material 
was a tatraalkoxysilane, whereby porous siBca 
glass was obtained. Various SIO2 type porous ce- 
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ramies can be obtained In the similar manner by 
using starting materials having small amounts of 
other metal alkoxtdes added to the tetraalkox- 
ysilanes. Further, similar porous ceramics may be 
obtained even when the temperature raising rate or 
the maximum heating temperature Is changed to 
some extent 



COMPARATIVE EXAMPLE 

To 250 ml of tetraethoxysifane, 200 mi of 
0X1 N hydrochloric add was added and stirred. 
Then, from 10 to 60 wt% of a polyvinyl acetate 
emulsion was added and dispersed thereto. Then, 
ammonia was added thereto, and the pH value was 
adjusted to a level of from 3.5 to 6.6. The mixture 
was then Introduced Into a dosed container and left 
to stand at a temperature of from 20 to 30* C for 
gelation. Then, the gel thereby obtained was cal- 
cined to obtain porous glass. The pore size of this 
porous glass was measured, and the results were 
plotted and indicated by symbol V in Figure 1. As 
is evident from the Figure, this porous glass had a 
wide range of pore size distribution. 

According to the present invention, porous ce- 
ramics having uniform pore si2ss within a range of 
from a submicron to a few tens microns, can read- 
ily be provided 



Claims 

1. A process for producing porous glass, which 
comprises preparing a reaction solution containing 
a metal alkoxide or its oligomer and an organic 
polymer, hydrolyzlng and polymerizing the metal 
alkoxide or its oligomer in said solution to obtain a 
gel, and calcining the gel to obtain porous glass, 
wherein said organic polymer has compatibility 
with the solution of the metal alkoxide or its 
oligomer, undergoes phase separation during the 
hydrolysis-polymerization step and Is substantially 
free from formation of precipitates. 

2. The process according to Claim 1, wherein 
the organic polymer is sodium polystyrene sul- 
fonate, poly aery Be acid, polyallylamine, 
polyethylene-imlne, polyethylene oxide or polyvinyl 
pyrrolidine. 

3. The process according to Claim 1 or 2, 
wherein the metal alkoxide is a methoxide, ethox- 
ide or propoxide of at least one metal selected 
from the group consisting of Si, Ti, Zr and Al. 

4. The process according to Claim 1 or 2, 
wherein the metal alkoxide is a tetraalkoxyalane. 

5. The process according to Claim 1 or 2, 
wherein the metal alkoxide is tBtramethoxysilane or 
tetraethoxystiane. 



6. The process according to any one of Claims 
1 to 5, wherein the organic polymer is used in an 
amount of from 0.03 to 0,40 parts by weight per 1 
part of the metal alkoxide or its oligomer. 
5 7. The process according to any one of Claims 
1 to 6, wherem the reaction solution is an aqueous 
acidic solution. 

8. The process according to any one of Claims 
1 to 6. wherein the reaction solution Is an aqueous 
io acidic solution of at least 0.001 N of a mineral acid. 

8, The process according to any one of Claims 
1 to 8, wherein the hydrolysis is conducted at a 
temperature of from 40 to 60* C for from .0.5 to S 
hours. 

is 10. The process according to any one of 
Claims 1 to 9, wherein the calcination is conducted 
at a temperature of from 800 to 1,000* C. 
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